This article considers how Japan and the EU manage the recycling of consumer appliances and PCs=cellular phones through a review of their current collection and treatment systems for WEEE (waste electronic and electrical equipment), and on the basis of its findings offers recommendations for the improvement of these systems. We hope thereby to provide information that will be helpful for the better management of WEEE in developed countries as well as in our own. On the basis of our findings, we make the following recommendations: (1) that if Japan hopes to increase its collection rate of WEEE, it has to change its system from one where payment is made at the time of disposal to one where payment is made in advance, whereas the EU has to offer both users and recyclers greater incentives to collect more WEEE; (2) that, within the Japanese system, we have to reduce the cost without reducing the quality of recycling, which, because consumers pay at the time of disposal, is too expensive, whereas the EU must restore the former quality of its recycling, which has been allowed to deteriorate because of the pressure to reduce costs; and (3) that Japan and the EU need to set up a common fund that will enable them to cooperate in the collection and treatment of WEEE to oversee the problems occasioned by the practice of cross-border recycling.
Introduction
T he acronym WEEE (waste electronic and electrical equipment) signifies a relatively new category of waste type, a category that includes precious metals as well as such toxic substances as lead (Pb) and polybrominated biphenyls (PBBs), and one whose components require separate sorting and special treatment for waste management. When certain components of WEEE are regarded as valuable goods there is a tendency for them to be dispatched to other countries, where, if their treatment is not supervised under proper safety conditions, it may ultimately cause serious air pollution, contamination of the soil and groundwater pollution, as when, for instance, strong acids are used for metal extraction and burn used wire (BAN SVTC 2002; Yoshida and Yoshida, 2008; Zheng et al., 2008) . To tackle such problems as these, the OECD (Organization for Economic Cooperation and Development) has proposed that countries should adopt the EPR (Extended Producers Responsibility) principle, and the EU, for one, has implemented the WEEE and RoHs Directives to collect WEEE separately from other municipal solid waste (MSW) andd to manage it with the participation of producers (financially and=or physically). Between 2001 and 2005, countries such as Japan and the member countries of the EU, introduced the EPR principle into their WEEE recycling systems.
The purpose of this article is to draw lessons from the ways in which developed countries, in this case Japan and the EU, are managing to deal with WEEE. Japan launched its own WEEE recycling system in 2001, and 5 years later the Japanese government conducted a review of how the system was working; it released its final report, based on documents submitted by Japan's Home Appliance Recycling System Review Council, in February, 2008 . Meanwhile, the EU, which had implemented its WEEE Directive in August 2005, had already reviewed the system and had issued its report in August 2007 (UNU, 2008; Review of Directive 2002=96 on WEEE, Final Report, 2007 , under the title ''EU Review Report''; UNU, 2007) . By analyzing these documents, and by performing a field survey (in Germany, Holland, Sweden, Austria, and France), the present authors were able to conduct a comparative study of Japan and the EU as developed countries with respect to the achievements and challenges of their WEEE recycling systems: we focused on three dimensions: (1) material flow analysis, (2) regime-actor analysis, and (3) economical analysis, which the study of circular economy requires (see Yoshida, 2005) . Previous studies of WEEE have focused in the main upon aspects of the material flow ( Jofre and Morioka, 2005; Tasaki, 2006; Terazono et al., 2006) or on an analysis of the economical features (Hosoda, 2007) . Here, we attempt to analyze the WEEE recycling system through a focus on a combination of three interrelated issues: (1) the need to improve the collection rate of WEEE, (2) questions of the cost and the quality of recycling, and (3) the problems of crossborder recycling.
This artricle looks at, in order: (1) the systemic character of WEEE recycling in Japan and the EU, (2) the collection rate, (3) the cost and the quality of the recycling, (4) the problems raised by the export of WEEE, and (5) the reuse agenda.
Japan's Home Appliance Recycling System and the EU's WEEE Directive: Purpose and Background Japan's consumer equipment recycling system requires that consumers pay a recycling fee when discarding any one of four equipment types (TVs, air conditioners, refrigerators, and washing machines), that retailers take them back, and that producers recycle them. Two problems underly the successful creation of Japan's home appliance recycling system: the shortage of landfill space and the need for the recovery and use of resources. A characteristic of the system is that Japanese municipalities do not, as is the case in some other countries, themselves perform the collection and processing operations for recycling. The recycling fee and fund is managed by the Association for Electric Home Appliances (AEHA, 2008) , while the collection and processing are carried out under a producer partnership system that is divided between Group A (Panasonic=Toshiba Group) and Group B (Mitsubishi=Hitachi Group). Although the government sets the recycling rate for the four items that are to be collected, PCs, on the other hand, are supposed to be collected and recycled under the Law for the Promotion of the Utilization of Recycled Resources. Unfortunately, the collection rate achieved by the manufactures is not even 10% of the PCs that are presumed to be discarded, whereas many of these PCs are shipped abroad (Fig. 2) . In the case of cellular phones, the take-back rate in 2006 was estimated at about no more than 15% (6.62 million=47 million).
By contrast, a characteristic of the EU's WEEE Directive is the broad spectrum of items that it covers, for, in addition to the four types specified by the Japanese directive, it includes: (1) large household appliances, (2) small household appliances, (3) IT (information technology) equipment, (4) consumer equipment (TVs, etc.), (5) lighting appliances, (6) power tools, (7) toys, leisure, and sports equipment, (8) medical equipment, (9) monitoring and control instruments, and (10), vending machines and ATMs (automatic teller machines). A second characteristic of the EU directive, with respect to the responsibility for collection and allocation of costs, is that, for new products, producers are responsible for their own products, but that all producers shall cover costs jointly when products that are already on the market are discarded by consumers. Until 2011 (2013 for large white goods), however, producers will be permitted to add waste processing costs to the prices of new products separately (visible fee). Third, the Directive set a collection target of 4 kg per capita to be reached by December 31, 2006 . The Directive also established recycling rates (for paying recyclers but not for thermal recycling) and recovery rates (to include thermal recycling). Fourth, the Restriction of Hazardous Substances in Electrical and Electronic Equipment (RoHS) Directive banned the use of lead, mercury, cadmium, hexavalent chrome, PBBs, and polybrominated diphenyl ethers (PBDEs) (brominated flame retardants), to be effective by July 1, 2006. This regulation is based on Article 95 of the Amsterdam Treaty (which guarantees the free distribution of goods in the EU common market and restricts the freedom of individual countries to act unilaterally) and implements the same controls throughout the EU common market, whereas the WEEE Directive itself is an independent initiative. Thus, the EU regulations (1) cover a broad range of products, (2) assign responsibility and costs to producers, (3) establish collection targets and recycling rates, and (4) limit the use of hazardous substances. Their purpose is to build a system that, by these means, recovers WEEE separately rather than disposing of it as municipal solid waste (OKOPOL, 2007) . The municipality is an important actor or stakeholder in the WEEE recycling system and the recovery of resources is not the main target in the EU. zawa et al., 2008; Joint Meeting, 2008a ).
Reviews of the both the Japanese and European systems have found that increasing the collection rate is a vital requirement. In Japan, 17.2 million of an estimated 22 million units are taken back by retail stores, of which, 11 million units are recycled by their producers, while the rest disappear in an ''invisible flow''; and while the primary collection rate at retail stores is 75%, the final processing rate drops to 50%. The main reason is that of the 17.2 million units taken back by retailers, as many as 6.65 million discarded appliances enter channels outside the system; they have not been issued with recycling tickets, and they are not taken to the processing facilities of producers or other parties (see Fig. 1 ). Furthermore, because Japan's WEEE recycling system is built around recycling, there is no place in its policy for reuse. Because another underlying factor is the high recycling fee that consumers must pay when turning in an appliance, the authorities, fearful that these conditions would lead to illegal dumping, have considered switching to a system for advance fee payment (AFP). According to a recent survey carried out during April and
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YOSHIDA AND YOSHIDA June 2008 ( Joint Meeting, 2008b) of retailers' take-back of the four used items (home appliances), of the 1.9 million units (covering about 1=3 of the four items generated domestically) only 1% were taken back without payment or with payment by the retailers. Items taken back free of charge go abroad, whereas items that are paid for enter the domestic used market. Although this means that the route from the retailers to points of sale for domestic reuse is decreasing dramatically, only about half (2.2 million) of the number of TVs destined for formal recycling and export (4.1 million) are actually exported (see part of export problems). Consequently, the route taken by the buyers seems to play a major role in determining reuse or material recovery. The EU's overall collection rate is not so high either, however. Although, in 2005, with a per capita recovery amount of 5.13 kg ( Japan's per capita collection amount for the four types is 3.5 kg), the EU had more than attained its 4-kg target, nevertheless, between individual countries, considerable differences remain: Sweden had collected 12.20 kg and the UK 9.9 kg, whereas the Czech Republic in Eastern Europe had recovered only 0.33 kg (Table 1) . A look at the collection rates for each of the 10 categories shows that, among the 10 product categories, refrigerators and air conditioners account for 27% of the possible total, with 40% for large household appliances, 28% for IT equipment, 30% for cathode-ray tube (CRT) TVs, and 65% for monitoring and control instruments (UNU, 2007, Table 56 ). According to recent WEEE Forum data for 2007, the per capita recovery amount is nearly 7.80 kg and 11 countries have managed to collect over 4.0 kg. The European Commission (Makela, 2009) has estimated that only 33% WEEE is reported as collected and treated, that 13% is landfilled, while 54% is submitted to substandard treatment both inside and outside the EU.
Because the EU Review Report provides no data country by country, and because differences in categories and definitions necessitate a more detailed analysis, we have had to carry out our own research. With respect to the raising of the collection rate, the EU, as we have said, enumerates a broader range of equipment types subject to collection than does Japan, whereas there are also differences in business practices in the take-back of old products when new ones are bought. In Europe, municipalities are an important collection channel, and our interviews in Germany and The Netherlands indicate that because municipalities have a certain amount of discretion over how to dispose of WEEE, equipment is sold as used equipment instead of going from municipal collection centers to processing plants contracted by manufacturers. In the case of items such as air conditioners, which are made largely of metal, a considerable quantity apparently goes to scrap dealers. For that reason, there is a tendency for what is left of the discarded equipment collected by producers to be of lower quality. Consequently, the more that producers recover, then the greater their eventual burden becomes, which means that their incentive for collection remains weak (Husmann et al., 2008) . The cooperative relationships between the actors also differ quite markedly from country to country. French law requires that producers pay the cost of separate collection by municipalities, and there is an officially authorized coordination agency that liaises between municipalities and producers (ADEME, 2007). In The Netherlands, producers used to pay the management expenses of the municipal collection centers, but because this is covered by taxes, they recently stopped doing so, and their decision is now the subject of a lawsuit. Producers desire to create their own collection channels, which would mainly make use of retailers and thus cease to be dependent upon municipalities. Some countries, such as Sweden, have, with the cooperation of municipalities and producers, set up nonprofit collection management systems. There is consequently great variety among the EU countries. Japan can probably learn from this when considering the role of municipalities in increasing the types of equipment to be recycled.
The EU Review Report recommends that consumers should be kept well informed about recycling activities and notified of any significant institutional improvements: among other things, they should be told of the steps that are to be taken to improve cooperation with municipalities, and which are the main recovery channels for used equipment. At the same time, the unregistered movement of waste (outside of the EU, and to Eastern European countries and other places inside the area) must be made illegal, whereas the distinction between business and consumer products must be removed, as must the distinction between new waste and older waste, beccause all such distinctions merely complicate the system (UNU, 2007). The Commission is therefore proposing revisions to change the collection target for 2016: on average, 65% by weight of the MS market in two successive years (Makela, 2009) .
As for the Japanese system, more positive options that would serve to raise the collection rate are: (1) free take-back when a product is discarded, (2) the use by municipalities of the agreed collection channels, and, (3) paying for the collection. By combining (1) and (2), Korea has achieved a higher collection rate than Japan, as well as including a wider range of categories among the collected items.
Cost and Recycling Quality
Although some have claimed that the high cost of Japan's recycling process can in part be explained by the recycling fees customers must pay when turning in an old piece of equipment, the producers, who are responsible for WEEE processing, seek to rebut this criticism with the counterclaim that the quality of recycling is also high. Nevertheless, the problems caused by the high cost of recycling could lead to recycling outside the formal scheme and thus encourage the export of WEEE abroad. We must therefore continue to ask the question, is Japan's recycling cost truly high, and, if so, why? Let us examine this issue through a comparison with the EU.
Although the direct costs incurred in recycling household appliances are not publicly released, Japan's Recycling System Review Council has issued a report, ''On the Transparency of Recycling Fees'' (Joint Meeting, 2007; Table 2) , and each year AEHA 2008 publishes the recycling amounts collected and the number of units recycled, whereas information on WEEE in the EU comes from estimates by type of product based on cost data collected by the WEEE-Forum and other bodies (UNU, 2007; Table 3 ). Calculations based on this information show that in 2005 Japan's costs were 20-60% higher than those in the EU (see Table 4 ). In the context of Japan's Household Appliance Recycling Law, one therefore cannot overlook the fact that, at the least, nearly 20 billion JPY (20 million USD) in tax money has been invested in this task.
We offer the following reasons to explain why Japan's recycling costs are higher than those of the EU. In the first place, the system's very structure makes it costly. Because consumers are required to pay recycling fees when they turn in an old appliance, management costs, which are processed through a manifest system, are levied to ensure the traceability of each item. Although the collection management cost in the EU is about 40% of total costs, in Japan, the collection management cost is nearly 50%. One of the EU countries, The 
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Netherlands, has done well by charging visible fees to provide the initial investments for setting up the recycling infrastructure, such as facilities for recovery and processing, whereas, in Japan, the two Groups, A and B (see above), which are partnerships entered into by the manufacturers, conduct collection management and processing independently of each other, and the redundant investment prevents economies of scale. A further reason is that the heavy involvement of Japanese producers in the task of recycling makes capital investment that much higher. Furthermore, just at a time when the EU is mechanizing its operations to lower costs, Japan is still relying on manual disassembly as well as mechanization to raise the recycling rate. Whereas the EU limits manual disassembly mainly to the removal of hazardous items, Japan makes considerable investments in actually expanding manual disassembly processes to raise the plastic recycling rate, and in the development of technologies and facilities for plastic sorting. Yet, when we examined how recovered plastic is used by Japanese producers, we found that its use in new products is restricted, because even if there is no problem with quality, it would be likely to hamper product sales. Consequently, recovered plastic is only used when, for example, it is mixed, in quantities of about 20%, with virgin materials, and only in parts that are not externally obvious, or for those internal parts of refrigerators that do not come into contact with food. In the EU, on the other hand, even plastic that is incinerated is counted toward the recovery rate.
A third issue concerns the matter of recycling quality and cost. Because Japan's regulations guarantee the recycling charge, manufacturers ask for higher recycling rates without needing to indulge in price competition, thus making the actual rate higher than that legally required. The legal and actual rates are, respectively, 60 and 89% for air conditioners, 55 and 89% for TVs, 50 and 74% for refrigerators, and 50 and 84% for washing machines (2008) . Some observers believe that because of the heavy involvement of producers in processing, Japan is demonstrating its strong design for environment (DfE) feedback, and it is true that there has been a certain degree of progress in this area, particularly in terms of ease of dismantlement and the aforementioned recovery and in the use of plastic; but design has a lower priority than the need for energy-saving performance and the avoidance of hazardous substances, and this is a drawback.
In the EU, on the other hand, producers are not directly concerned with the business of recycling itself. Instead, individual producers or members of the joint scheme enter into individual contracts with specialized recycling companies. Although, under this arrangement, the principle of cost competition works reasonably well, the feedback to DfE and the like is rather weak. More meaningful in terms of DfE are such different schemes as the hazardous substance regulations (RoHS) and the energy-using product (EuP) directives. Yet, although the regulations have led to an increase in the amounts of collected waste and processors have benefited from the larger scale, producers have been inclined to hold down processing costs because high-quality discarded equipment is hard to find, and some experts observe that the current recycling quality has actually tended to be lower than before the directive was implemented (Svensson et al., 2005) . In response to this weakness, SONY, HP, and Elecrolux set up the European Recycling Platform, and certainly, in the case of office machinery, Individual Producers Responsibility can be feasible and can contribute to the DfE achieved by these companies; in the case of many consumer appliances, however, this model is still not capable of working well. Even so, producers are checking and controlling the processors' management procedures more rigorously and are working within the terms of the environmental regulations more than in the past (Khetriwal et al., 2009) . In view of all this, we need to reconsider the cost of recycling and its possible benefits, in terms of both the environment and the economy. Now, in response to a report submitted by Japan's Home Appliance Recycling System Review Council, and against the backdrop of recent steep price increases for natural resources, consumer appliance=electronics makers are leaning toward the lowering of recycling fees, down in the case of air conditioners, for example, as much as 17%.
Export Problems
Both Japan and the EU have serious problems with the dispatch of WEEE to other countries. In Japan, newly issued trade statistics reveals that used CRTTV (HS code: 8528.72- (Table 5 ).
In the case of used PCs, research carried out in 2008 by JEITA ( Japan Electronics and Information Technology Industries Association) estimated that the number of discarded PCs in 2006 had been about 9.08 million units, of which 0.68 million units were recycled by manufacturer recycling facilities, 0.14 million units by municipalities, 2.60 million units by independent waste management companies, while 1.34 million units were sold domestically, 1.24 million units were exported for reuse and 1.85 units were exported for scrap (see Fig. 2 ). This means that the formal collecting system (manufactures and municipalities) covers only about 10% of used PCs.
Economic principles dictate that as long as discarded PCs have market value and the domestic used PC market is saturated, and even if reuse is encouraged and a domestic take-back system is created, it will naturally follow that discarded PCs will be exported rather than enter the domestic recycling=reuse channels, whereas, at the same time and because of wide income differences between countries and areas, PCs will be widely subjected to cascade use. In 
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Thailand, for example, where used PCs from the country's own domestic market do not satisfy the demand among the middle-and low-income class buyers, the supply of imported PCs are subjected to reuse and are rebuilt. The chief concern, however, centers on what happens to those PCs after the importing countries have, in their turn, discarded them. If Green IT is to be promulgated, then, quite apart from taking care of the WEEE, the business style for the original mass production and mass sales of electrical goods has to be changed. The EU, however, provides no such estimate of exported WEEE, although it has reported the drain of such waste to other countries from municipality collection centers: in The Netherlands, for example, apparently one-third of scrapped TVs are illegally exported (VROM, 2007) , whereas, in the case of France, over 20% of the scrapped business equipment reported by producers is processed outside of the EU (ADEME, 2007) . Furthermore, although the final user of transported business equipment is sometimes required to ensure disposal, the absence of a requirement to report it to the government makes what actually happens quite unclear. In Japan, there is no effective regulation on companies that lease equipment, despite the large amount of WEEE that they generate, and this oversight, so it is supposed, contributes largely to the drain of WEEE overseas. Additionally, Japanese recycling plants sometimes export compressors and other hard-toprocess parts as scrap.
Although the EU has approved the Basel Convention amendments, which virtually ban exports of WEEE, Japan has yet to follow suit. Unfortunately, the reality of international resource cycling practices, which lack any specific controls, entails that the industrialized countries cannot process their hazardous wastes at home, and so, by making the developing countries take the responsibility for dealing with it, they are themselves responsible for damaging human health as well as the environment (Basel Action Network [BAN], 2002) . Because the EU Review Report recommends banning illegal shipments of exported waste, it obviously needs to strengthen its export controls on scrapped consumer equipment when these violate the Basel Convention. At the same time, when a developing country such as China, which has environmental problems but also a great demand for resources and a need for imported goods, has installed building facilities for imported scrap disassembly and appropriate processing under the supervision of customs and environmental protection agencies, it becomes necessary to consider the creation of institutions under whose umbrella producers are able to engage in active cooperation and involvement in construction and operation. Although the technologies developed under the recycling systems of Japan and the EU need to be transferred to developing countries, the high-cost constitution of Japan's recycling technologies will remain a stumbling block, and the appropriate domestic treatment of WEEE will be the duty of the developed countries .
Reuse
The EU faces similar challenges in facilitating appropriate reuse of WEEE, for although the EU Directive emphasizes the need for the reuse of WEEE, each country in the EU approaches the issue in its own way. Whereas The Netherlands, for example, incorporates reuse into its recycling system by allowing sales to pass through the recovery channels to the used equipment market, France gives precedence to legislation to specify the terms of reuse. In addition, with the cooperation of retailers, producers, and other parties, France has favored the expansion of the numbers of used product retailers to encourage reuse, with the aim of reconciling respect for the environment with the needs of employment, whereas, at the same time, it has sought to provide consumers with lowpriced, high-quality used products (ADEME, 2007) . In this respect, the Recycling and Reuse European Union Social Enterprises (RREUSE) are attempting to integrate their economic, social, and environmental aims. They are developing the market for the reuse of WEEE, at the same time as employing and training unemployed workers (Brohl-Kerner, 2008 ).
Yet although the European Commission has proposed a revision of the Directive to increase targets for the reuse of whole appliances by 5%, the Japanese recycling system assumes that recovered scrapped products will be recycled, because there is hardly any direct reuse of the products or their parts. Currently, the Japanese government is seeking to establish appropriate standards to apply to those used products sent to the used appliance market by retailers without collecting recycling fees, but the guidelines still allow informal curbside collection and the dispatch of WEEE abroad.
Until the current economic crisis overtook us, there had been no slowdown in the speed of social obsolescence for consumer electrical and electronic equipment or for information and communications equipment, while their use had been growing more widespread and at an ever faster rate. Not only do we need to create appropriate reuse systems that also cover the problem of used product exports, but also to design procedures to extend the lifetime of EEE.
Conclusion
Our analysis of the distinctive WEEE recycling systems operated by Japan and the EU has shown that, in the light of the systems' purposes and contexts, we need to reconsider cost and performance as well as the role of each of the individual actors. We consider that neither system is obviously better than the other, and that they face similar challenges to the achievement of their ultimate goals. Those challenges include the raising of collection rates, the allocation of costs, the involvement of municipalities, recycling cost=benefits, the relationship between EPR and DfE, and the drain of WEEE exports to developing countries. In particular, the key to the raising of the collection rate lies in providing an incentive for proper collection and in making it convenient for the consumer to abide by the adopted scheme. If municipalities are involved, the collection cost has to be paid. Our findings have also revealed that the retailer's role is particularly important. The payment of a recycling fee at the time of discarding curves the collection rate, which must be the real target. The visible fee, or the advance fee payment, does not curve the purchasing power and can contribute to the construction of the infrastructure. In the case of many home appliances, Individual Producers Responsibility cannot work well, and the appropriate domestic treatment of WEEE will be the duty of the developed countries.
Our findings lead us to make the following recommendations: (1) if Japan hopes to increase its collection rate of WEEE to any substantial degree, it has to change its system from one where payment is made at the time of disposal to one where payment is made in advance, whereas the EU has to offer both users and recyclers greater incentives to collect more WEEE; (2) that because the consumers have to pay at the time of disposal, the cost and the quality of recycling within the Japanese system is too expensive and must be reduced, whereas under the EU system, on the other hand, the pressures of keeping the costs down has led to worries about the quality of recycling and this has to be attended to; and, (3) that to oversee and amend the problems occasioned by the crossborder problems of WEEE, Japan and the EU need a common agenda and the framework to set up a fund that will enable them to cooperate in the collection and treatment of crossborder recycling.
In the context of the quite unprecedented changes that are now afflicting the global economy, these questions take on a new and disturbing urgency. Instead of simply organizing a WEEE recycling system meant to clean up after the consequences of mass production, mass consumption, and mass disposal, we now need a far more painstaking and balanced assessment of the issues that will cover all their environmental, economic, and social aspects, especially as they relate to each other, for if we hope to see worldwide sustainable development, it is essential that governments design systems that are meant to mitigate environmental and social burdens and reduce the consumption of natural resources by a far more effective management of WEEE.
